apd- I

son: I Ellime oods

g

* Enclosed ventilated exhausted chamiloer

s Negative Pressire iorcontan and exhaust fumes
o Usually Sliding Sash fior access

“Face Velecity”

s \/elume and Speed off negative pressuie: airflow
o Typically 100rEeet per Minute (ERM) +=20%

s This caniequal 300 CEMn a4 eel heod
o 17 a fiacility with a highr densiy e heeds the heod

demand can be the major building systemrdesign Ioad

g

E“"’L
o Auxiliary air hoods

There are 4 basic types;eifiumehoods
« Conventional heeds
» By-pass hoods

o \Variable volume hoods
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Convenuonal Eume oo ns

* @ldest, Cheapest and Simplest Exhaust Exhaust
ype o Eume Heed

s Basically an enclesed chamer
With exisaust and sliding sash

o Face velocity Is simply a
fiunction off the sashiepening

o No way: te provide unrfiorm face
Velocity,

» Creates low velocity at open

1 sash Open Sash Nearly
sash poesition and high velocity; Minimum Closed
- Maximum
i Face Velocit
when sashi is nearly closed y Face Velocity
o Can result in ineffiective '

Conventional Fume Hood Airflow Characteristics
capture

From “LLaboratory Contrel and! Safety Solutions Application Guide™ Landis & Gyr Inc. Rev 2- Sept 1994

Siemens Building Technologies, Inc.
Landis Division




o
ST

[T

@ BYAPass (Consian\Voltme) EumeN-e6a0s

T
o Al By Passiepening grile
prrevidediahoyve sash

s Opens and clleses wWith' sashite
provide eguivalent sasih epening By Pass ¥z
area _ Area Open —ye-
o Maimtains uniferm face velocity:
regardless ofi sash pesition

o Simple but highest energy
demand since constant velume is

/' « Sash fully open Sash Nearly

continuously exhausted Facg Velocity at Closeq Face
_ Desired Rate Velocity Increase

o Room must be rebalanced iff is limited by

bypass opening

heoeds change

By Pass Fume Hood Ailrflow Characteristics

From “LLaboratory Contrel and! Safety Solutions Application Guide™ Landis & Gyr Inc. Rev 2- Sept 1994

Siemens Building Technologies, Inc.
Landis Division
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AUXIIaR AR EUIENT 000S

o Proviidessam auxiliiamnair
SUpRIV tersubSstituie e Uprie
70%) Gl reemralr exiausied

s Knoewn as; make -Uprair heod*
s Several Disadvanitages

s installation: eif auxiliary systiem
can be costly & difficult

s does not draw vapors out of
room

s [ntreduces outside air
temperature and humidity: imto
heed

Auxiliary Auxiliary
Exhaust ’ Exhaust

'Sash Open Sash
Closed Sash Closed

Auxiliary Air Fume Hood Airflow Characteristics

From “LLaboratory Contrel and! Safety Solutions Application Guide™ Landis & Gyr Inc. Rev 2- Sept 1994

Siemens Building Technologies, Inc.
Landis Division
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Varam)erAlVoelume VAV HeeaS

s\/aries, Exfiaust Voeluime to
manvain Eace Velociy as Sashiis
Epened o clesed

s Only exhausts astmuch alr as
necessary tor meet need

o Reguires Sash moenitoering
sysiem and fume heoed contreller
tied Inte room supply and exhaust
System

o VAV Hooeds can be changed
withoeut rebalancing room

o \/ery complicated, much more
difficult te design, Install and
commission

o More expensive initially but
saves significant energy.

Exhaust

Maximum
Exhaust Flow

/I Sash

Sash Open Partially Open
Maximum Minimum

Variable Air Volume Fume Hood Airflow Characteristics

From “LLaboratory Contrel and! Safety Solutions Application Guide™ Landis & Gyr Inc. Rev 2- Sept 1994

Siemens Building Technologies, Inc.
Landis Division
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EUimeNs o0 Compaisens

Conventienal Heeds and Auxilian Al iHeeds arenot firequently used

Companisoen Is usually henwween CV and VAV Eume Heeds andis: similar
10, overallrC\Viand VAV Central Supply & Exhaust Sysiems comparsens

siniial cest vs. lifle cycle cost

o VAV mere expensive but can save: 3026 70%, ol CV Eneragy CoStSs
o Maimtenance stalif capanilies

o VAV reguires more highly: tramed nmaintenance
o Need for flexibility

o VAV IS more flexible and respoensive to change

To realize VAV systemsySavingsiithe Users
must be trained and coeperate In keeping

the sashes closed except when the hoods
are being loaded.




ORS

BUaIRG SOrSElecled VAV AEUIeN 000S

sile NI Design Guldelines; alliewed us terusera VAV Supply aned Exhavst
sysiem’ and VAV hieeds are mosi effective Withrthis:

o \/AV Hoeds reduce the amount offair e hood exhaust and thus reduce the
required’ anflow andl energy: costs oif therainthandlimg systems

o The initial cests are higher but the life cyclercosts guickly: payhack the
initial investment

o \/AV Hooeds are independent and changes can' he madewitheut having te

rebalance the entire system, Whlchiis an advaniage at Nl where
change Is constant.

« Building 50 is the first facility at"NIH to install'VVAV Hoods;, all"previots

flume hoods campus wide are Constant VVelume By Pass hoods

» This will make It necessary to stress to the occupants that hoods must be
closed except when they are being loaded, for maximum energy. efficiency.

2
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EUmeNseea WVieck Upranasesiing

Geal eiftesting was ter Prequaliiy e VAV LA Elne Heee and
Eume Hood Conirel System

Veriy hieeds can meet speciiied  containment Critera

Veriiy control systen can meet speciiied perfermance
critena

Assess guality eff overall Cak / Eume IHood configuraion

o« BELIL Created a Simulatedrital Viodule withrallFactual
Building 50 components

» The testing involved the foellowing entities

Jihe BELL Company, Generall Contractor
ISEC, the hoeod supplier;

SIEMENS; the Contrels Contracter

RME, the Mechanicall Engineering Censuliant;

CRSS; the Government's Construction Vianager:
FACILITIES DYNAMICS, the Commissioning Agent;
WEISMAN INC, the Testing and Balancing Contractor;
ADELAIDE ASSOCIATES, conducted ASHRAE110 tests
NIH/ORS Div of Safety and Div of Engineering

Louis Stokes Laborwory
Fume Hood Testing for Simulated Lab
Module

Fume Hood Testing Report

Ciffice of Resesrch Sendpes




@ EUmeseed WVeeck UprConnguranon

siihe BELE Company created amoeck tUpiiaran ERAN 2 they Wererconsiiitciing

T e VAY
= _,|'"" il %—m. . — —
- —— exhaust up stream
RENRRSER O, _'i
r | o

Fume Hood Alcove
with test heod

e caline.  n

» 2 hoods were installed upstreamite simulateradjacent lab ftime hood Use
s A plywood mock up wall.created the Building 50rAlcove coniguration Wit
o VAV fume hoods

o Supply and Exhaust VAV Terminal Boxes
» 1 Exhaust Inlet and 1 Supply Outlet

» Tracking System - Lab Room Controller, fume hood controller
[ Rs and heod exhaust control valve

2¢




J‘é EUmeSeed esung
Fes”  NEEE Veloc:ty zlplel P)Vrlzlfflle Response Test/ng

L

Vieasuring Face
Veloeities at
differinel sash
OPEnIngs

Computerized recording
and graphing eithe 5
dynamic events

e B O S e i | T el e ey B

o Face Velocity Test - a grid off face Velocity nmeasurementsiwas taken across
the face off the heoed with the sashiin Vaneus positions

» Dynamic Response Tests - responsetesting measuies therhood perfermance
In various “dynamic events* suchias sash mevements, walkibysiand epening
andi clesing the lab deoer or opening and closing upstream itnme hooeds; ior:

o Steady state face

o velocity

s maximum deviation
o time to steady state

DRS . overshoot o




s 2 NEUmeNS 6ea eshg,
=&
%t INEAGE) Gas Containment Tests

B Containment test
4 Usingl Manikim with
detector preke

ASHRAE 110with NIH
modiffications termore
truly simulateleaded
fume hood condition

o Jracer Gas Containment - this addresses e containment of the heod with
a sulfiur hexafluoride gas release and a detector enitherfiace ol amanikin,.

o The ASHRAE 110 -Method ol Iesting Periormance of Laboratory FEume Hooeds 11
was moedified by NIH with the addition several elements to simulate actual
apparatus in the Hood.

L Rs 3
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Large velume smoke Sash s raised and lowered:
pbomb set off in hood smoeke s contained in hood

Large Volume visualization - a simekelhomb was Set afi to loekiferleakage
In| static & dynamic (sash mevemenit and walkiby)rconditions:

Local Visualization - using a titanium tetrachleride smoke guni te check for
small leaks around the edges ofi the hood

All'large velume and local visualization tests indicated that the capture
" RS was adequate under all conditions including rapid sash mevement.

3]
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HEPS e mestimporiani-andiargesi applicatient ol Energy ECOVER I research
EAcHlities IS thier eat receVveER/ Gl thie:GRce thitrai A thiel 2 eraten exiiausi Sy/Stems

Jjhrs can e accomplished withs

o Plate Type- thin metallic sheets in ailr streams
o Heat Pipe - horizontalltukes with lguidireiigerant i alr streams

s POSItIVe separation, Ne MovIing parts;, moederate cost, low manienance
o alir streams must be side by side,

s Sysiems are 501% to) 70% effective
s Sensible heat transier only; no latent (imelsture) eRergy recoveny.
o RunAreund Caollsi- 2 air ter ligurd heat exchiangers in ail Stireams
s poSitive separation, moederate cost,
* 45% te 65% effective,
s sensible heat transier enly:; nerlatent (moerstiie) energy. recoVery.
s can be remote, air streams;diernoet have iere side by side
o [iguids have to be pumped; reqguiringeneray:and more maintenance

o Heat Wheels - heat absorbing desiccant disk retates seguentially: through and
transfers energy from the exhaust and supply airstreams
s recovers sensible and latent energy, higher efficiency of 70%to 80%
o air streams must be side by side, potential for contamination between then

¢ Rs e higher initial cost, moving parts requiring more energy and maintenance ..
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BUIANGrS0rSelecled alPesiceall
Energy RecovernaVVnheel Concen

o A'complete LierCycle Cosi study was; conducted on all of
the varieus types of energy’ reCoVery: sy stems.

siihe desiiccant energy. recovery wheel concepit Wast by iar the
MOS COST elfective system.

oA Imajor facter' Is that this s the enly: system) thai FECeVErs

latent as wellfas; sensible energy, Whlch 1S Very Imporiami
i the high humidity summer cendiviens in Bethesda.

o Based on prior successiul applications: en: similar lakoeratory facilities: at
nearby Johns Hopkins and Georgetewn Universities, RVE, the

mechanicall engineering consultant highly recemmenided this
desiccant energy recovery. Wheel cenicept.

*NIH researched these two prejects and fetnd them te be highly sucecessiul
The Office of Research Services, Division of Safety and

Division of Engineering, Maintenance Engineering Section personnel
A\

COffice of Research Sendoes

visited both sites and carefully considered all of the advantages
and disadvantages of the energy recovery wheel concept.

3¢
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;i WIS aecepte e Enengy ISECOVER/VHEE]
= \Concepywithrtheollowinginiitations:

sihe Ofifiice elf Researchl Services; carelully,censidereds the desiiccant
ENergy receveny wheelrconcept in the design eirBunlidineso
and acecepeditwith therellowing conditiens/ esticiiens:

o DIVISIEN Oif Safety

o No) containment devices exhausted threueh the Wheels

o They do net want to risk re-entrainment oi contanminants

o TIIS reguires; a separate fume heed exhaust sysiemiand resultsiin
lesss velume of air te the whieels, and thusiless energy: Savings

o Division oif Engineering / MaiRtenance EngineernnerBranch
» Designi/ Size base building sysiem wWithout ieat Wheelacions
sThey are concernedaneuiinsufiicienthumding capacity/ Il forrany reason
the energy wheels had to be abandoned in the future

*This results in us noet realizing the maximum benefit of downsizing the

building base system design to take fullladvantage ofi the
A energy recovery of the wheels

COiffice of Research Sendnes 3
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Erergy RecoyveryViheel Concen:

Heaungivieae

1 280,000 CFM
Qutgomg Warnier E =
Al Exliauist Elew
raises the
lemperature offthe 15 GRAINS

energy. wheel
which i turn then
Spins through and

raises the

temperature of the 5 GRAINS
cooler iIncoming

outdoeor air \ 0utpooR AR

300,000 CFM

RETURN AIR
FROM LABORATORIES

65°F
65 GRAINS

SUPPLY AIR
TO LABORATORIES

Schematic or Energy:. Recovery Wheel'in Heating Mode
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Energy Recovensnheel Conecent

CowlinglViode

280,000 CFM
EXHAUST AIR

QOutgeing Ceel Al
Exhiavust Elow:
lewers the
lemperature ofthe
Energy Recovery
wiheel

which i turn then
spins through and
lewers the

E 92°F
108 GRAINS
temperature of the

95°F
115 GRAINS
Incoming outdoorn, OUTDOOR AIR

air 300,000 CFM

75°F
68 GRAINS

19°F
78 GRAINS

RETURN AIR
FROM LABORATORIES

| 52°F 65°F
54 GRAINS

65 GRAINS

SUPPLY AIR
TO LABORATORIES

Schematic of Energy: Recovery Wheel in Cooling Mode




IRrthie neatineseasen
the water vapelrin the
AUmId exiaust air is
ansorbed by the

-

Exhaust

\

energy wheelfand
retained. »
It IS then Dry Air I =
captured by and Supply,
humidifies the iInceming Elow Wheel
drier supply: air. Up Stream

Side of' Wheel

Energy RrRecovennheel Conecent
rlticelleliey einiciagl ek mleelie) Mlacls

Humid
Exhaust Elow:

-

Humidity: alhserbed
Py the eneray wheel

=

Down Stream
Side of Wheel

V/zl0o)f
Humildiiies
Supply Al

Schematic of Humidity Retention in Heating Mode

Drawing by Erank Kutlak




s NEnergy Recover WheelConcept
N/ Llleliie SEjgeiianl i Caalifiel iiae)e

_ Humidity 4
IRrtheconling seasoen blown out
thenwatervaperin the on Exhaust

Ellew

UM SupRIy alris

absorbed by the Humidity absoerbed
Py the eneray wheel

-

Exhaust

energy wheelfand
filtered out of the Humid :> »
supply. Allr Supply
e e Dehumidified
It is theni rejected ! Supply
by the Wheel
exhaust filow. UprStrean [DewnR Stream
Side ofiWWheel Side efi\Wheel

Schematic off Humidity Rejection in Cooling Mode

Drawing by Erank Kutlak
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AHU'being installed

Sound
and Fan Attenuator 3¢
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& VErnergy Recovern Wheel

o Section of the Building 50 Custem: Al
Handler withr SEMCO Energy ReEcCoVery.
Wheelllrame installed in: the fabrcation
yard el Energy Labs Inec: i ijuana
Mexico

o Each ofi the 8 AHUs will be'eguipped
withr awheel and will be shipped in
5 hottem and 1 top sections.

sThe actuall Energy Recovenry\Wheel
will be installed in the field

ons 23
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Viechanicalr Systelnis

There are five majermechanicallelements i)
that contribute te the increased energy
efificiency of Building S0.

» Energy Recovery Wheels Hear VWheel
o \/ariable Air Velume (VAV) Supply:and Exhatst Systems

o \/ariable Frequency: Drive (VED)ans

o \/ariable Freqguency: Drve (VED) pumips T '

. Variable Air Volume (VAV) fume hoods = -

| N, -
Y o> 5
wa SR ” o AU
&
-
. L

- _,_! [ i - o T . -’-..“!'_u
7 VAV Exhaust Fans

Office of Research Services VAV Terminal Boxes E
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Visivea e Energy  Lans iaciory/ o,

paricipateNn e tesung o e
Customr Al Hanalers

eThe Tests included

o Overall Conformance to Contract

Decuments and Quality Inspeciion
o Fan VVelume Testing

o _eak Testing off Unit
s Face Velocity Across Colls

ors (5

Building 50 AHU sections
in factory production line

4;
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EnRergy/ Lansias a tesing Cliamper ey
vserie verdn herAEUNan ouipu

= |
Building 50 AHU in background

connected to test chamber in
fioreground

Interior of test
chamber with Reviewing Instrument readeuis in

funnels to testing, office.

measure fan
output

ors (=




Al analeresiing

Leak liesting. Entire Unit is
Two RME Mechanical Engineers pressurized to check for leaks.
take readings te verify uniferm
velocity across face ofi the coils

AHU’s were tested for leaks and uniferm velocity.
across the face of the colils

’ " Overall the units passed all of the tests and had
1| - § minimal quality Issues which were corrected



é AirHandlerlastallation

W . e units hadlte betransported fromi Californiaion 20

H escorted tractorrtrailers tora heldinepyardin Balimoere
'; ﬁr*’-’ e . 1§ ———

i L} =
-
—
&

o The 8 main roof top air handlersfwerercomprised @i
28 sections weighing from 12,000/t 38,000 lhs. each

ooy BELL

« BELL had to lease a 200 ton crane with a special jib

boom to lift them to the mechanical penthouse
4



Seiting last section o AHU #2
InWestwing

The AlHUIsections were carefully set on
steel’iraming everanracousticaltsiab in
the west andl east wings.




